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Abstract Bamboo is intricately associated with human 
activity, and its usefulness is well known. For example, its 
roots and leaves have been used as medicinal products. 
Also, studies on the medicinal properties of bamboo leaves 
have shown antioxidant, anticancer, and antibiotic proper¬ 
ties. In this study, we determined that the dichloromethane 
soluble of the methanol extract from the bamboo shoot skin 
(Phyllostachys pubescens ) inhibited the growth of Staph¬ 
ylococcus aureus. The active constituents were isolated and 
identified as stigmasterol and dihydrobrassicasterol by 
NMR and mass spectrometry. These compounds inhibited 
the growth of S. aureus and Escherichia coli. Also, from 
the standpoint of structure-activity relationships, the 
activities of these phytosterols depend on their side chain 
structures. These findings indicate that the extracts of 
bamboo shoot skins as well as its active compounds in the 
skins are potentially useful as antibacterial materials. 

Keywords Antibacterial activity • Moso bamboo shoot 
skin • Phyllostachys pubescens • Phytosterol 

Introduction 

Recently, chemical food additives such as paraben have 
been reported to have harmful effects [1, 2]. Despite this, 
such additives are still used as preservatives in foods, 
cosmetics, and medical products. Meanwhile, consumer 
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demand to ensure that only safe additives are used is 
increasing every year. This has led to popular movements 
to reduce the use of synthetic chemical compounds in foods 
and cosmetics. Hence, the emergence of materials having 
less harmful effects and preferably natural material would 
be highly desirable if their safety to consumers could be 
guaranteed. Staphylococcus aureus is a major food patho¬ 
gen. These bacteria live on human skin and infect the body 
through wounds or foods. They produce several toxins such 
as enterotoxin-A and -D [3]. These toxins cause abdominal 
pain, vomiting, and diarrhea. Because they grow in foods, 
it is important to prevent their growth in foods. Research 
into natural products that can prevent the growth of 
bacteria in foods has been underway in many laboratories. 

Bamboo is well known for its usefulness. For example, 
its roots and leaves have been used medicinally. Studies 
have also revealed that bamboo leaves have antioxidant, 
anticancer and antibiotic properties [4, 5]. In these studies, 
various active compounds were separated from the leaves, 
such as flavones, glycosides, phenolic acids, coumarin 
lactones, anthraquinones, and amino acids [6-10]. In 
addition, 2,6-dimethoxy-p-benzoquinone obtained from the 
skin of the bamboo was found to have antibiotic activities, 
as were two chitin-binding peptides: Pp-AMPl and 
Pp-AMP2, that were isolated from bamboo shoots [11, 12]. 
Tricin and taxifolin, found in the bamboo sheath, report¬ 
edly have antioxidant activity [13]. 

The present study focused on moso bamboo shoot skins 
(Phyllostachys pubescens ), which have been traditionally 
used for packaging food. For example, bamboo shoot skin 
is used as a preservative container to maintain the quality 
of tea leaves in China and has been used to wrap rice balls 
and meats in Japan. Fukuoka prefecture is the major cul¬ 
tivation area of bamboo shoots in Japan. A lot of food and 
food ingredients are produced from bamboo shoots, and 
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bamboo shoot skin is a large by product of food processing. 
These skins are often composted, but they decompose 
slowly, so most bamboo shoot skins are burned. It is 
essential to utilize bamboo shoot skins efficiently. 

Previously, we reported that the shoot skin of a bamboo 
species (P. pubescens ) and its dichloromethane extract 
show antibacterial activity against S. aureus [14]. How¬ 
ever, the active compounds remain unclear. The present 
study aims to examine the antibacterial compounds of the 
moso bamboo shoot skin. 

Materials and methods 

Plant material 

Shoot skins of moso bamboo (P. pubescens) were used in 
this study. They were harvested in the town of Miyako, 
Fukuoka prefecture, Japan, and were provided by Life 
Design Co., Ltd. (Fukuoka, Japan). The skins were dried 
at room temperature and used for the following 
experiments. 

Chemicals and reagents 

Nutrient agar (NA) and nutrient broth (NB) media were 
purchased from Becton, Dickinson and Company 
(Franklin Lakes, NJ, USA). Dimethylsulfoxide (DMSO), 
sorbic acid, stigmasterol, and (3-sitosterol were obtained 
from Wako Pure Chemical Industries, Ltd. (Osaka, 
Japan). 

Microorganism strains 

Staphylococcus aureus (NBRC 12732) and Escherichia 
coli (NBRC 3301) were purchased from the NITE Bio¬ 
logical Resource Center (NBRC, Chiba, Japan). 

Extraction and isolation 

Moso bamboo shoot skins (powder, 17.8 kg) were extrac¬ 
ted with of n-hexane for 48 h. The ^-hexane solution was 
evaporated, yielding 40.1 g dry weight of the extract. 
The residue was treated in 70.5 L of methanol for 48 h. 
After the methanol solution had evaporated, the extract 
(192.5 g) was soaked in dichloromethane and separated 
into dichloromethane-soluble (38.8 g) and -insoluble 
(151.5 g) crude extracts. 

The dichloromethane-soluble crude extract showed 
antibacterial activity against S. aureus. The soluble 
extract (35. 5 g) was separated into 16 fractions (Fr. 
1-16) by silica-gel column chromatography (1.89 kg of 
Wakogel: C-200, column 11 x 45 cm) with ^-hexane/ 


ethyl acetate (10:0, 9:1, 8:2, 7:3, 6:4, 5:5, 4:6, 3:7, 2:8, 
1:9, 0:10, 2 or 4 L each) and methanol (10 L). In these 16 
fractions, fr. 4, fr. 5, fr. 14, and fr. 16 showed antibac¬ 
terial activity against S. aureus. Fr. 4 (5.54 g) was fur¬ 
ther separated into 11 fractions by silica-gel column 
chromatography (904 g of Wakogel: C-200, column 
4.1 x 28.4 cm) with n-hexane/ethyl acetate (10:0, 9:1, 
8:2, 7:3, 6:4, 5:5, 4:6, 3:7, 2:8, 2 L each) and methanol 
(4 L). In these 11 fractions, only fr. 4-4 showed anti¬ 
bacterial activity against both E. coli and S. aureus. 
Subsequently, 250 mg of fr. 4-4 was further divided into 
three fractions (fr. 4-4-1: 67. 5 mg, fr. 4-4-2: 62.1 mg, fr. 
4-4-3: 80.0 mg) by preparative high-performance liquid 
chromatography (HPLC, Inertsil Prep-ODS, 20 mm 
i.d. x 250 mm; GL Sciences, Tokyo, Japan) at 210 nm. 
The column was eluted with methanol at a flow rate of 
10 mL/min. Two fractions, fr. 4-4-1 and 4-4-2 showed 
antibacterial activity against both E. coli and S. aureus. 
A third, fr. 4-4-3, did not inhibit the growth of bacteria. 
Fr. 4-4-3 was considered a pure compound by analytical 
HPLC (Inertsil ODS-3, 5 pm, 4.5 mm i.d. x 150 mm; 
GL Sciences, Tokyo, Japan) at 210 nm. The column was 
eluted with methanol at a flow rate of 1.0 mL/min. Then, 
30 mg of fr. 4-4-2 was further separated into two com¬ 
pounds (fr. 4-4-2-1: 9.1 mg and fr. 4-4-2-2: 7.2 mg) by 
recycling HPLC (JAIGEL-GS310, 20 mm i.d. x 500 
mm; Japan Analytical Industry Co., Ltd., Tokyo, Japan) 
at 210 nm. The column was eluted with methanol at a 
flow rate of 8.0 mL/min. 

Fr. 4-4-2-1, 4-4-2-2 and fr. 4-4-3 were identified as 
stigmasterol, dihydrobrassicasterol and (3-sitosterol by 
nuclear magnetic resonance (NMR) and electron impact- 
mass spectrometry (EI-MS). 

Compound 1: fr. 4-4-2-1, stigmasterol 

The : H and 13 C NMR, EI-MS, optical rotation value and 
melting point of fr. 4-4-2-1 were identical to those of 
standard stigmasterol. White powder; ^-NMR (CDC1 3 , 
400 MHz) 5: 5.35 (1H, m, H-6), 5.15 (1H, dd, / = 14.7, 
8.6 Hz, H-22), 5.01 (1H, dd, J = 15.2, 8.8 Hz, H-23), 3.53 
(1H, m, H-3), 1.02 (3H, d, / = 7.44 Hz, Me-21), 0.84 (3H, 
t, / = 6.25 Hz, Me-29), 0.80 (3H, d, / = 7.01 Hz, Me-27), 
0.70 (3H, s, Me-18); 13 C-NMR (CDC1 3 , 100 MHz) 6: 
140.7, 128.4, 129.4, 71.8, 56.8, 55.9, 51.2, 50.1, 42.3, 42.2, 
40.5, 39.6, 37.2, 36.5, 31.9, 31.6, 28.9, 25.4, 24.4, 21.2, 
21.1, 21.0, 19.4, 19.0, 12.3, 12.0; EI-MS (70 eV): 
m/z = 412 (M + ), 395, 379, 351, 327, 315, 300, 278, 273, 

255; [a]* 3 -32 (c = 0.8, CHC1 3 ); mp. 169-170 °C. Also, the 
optical rotation value and melting point of standard stig- 

23 

masterol were [ot] D -32 (c = 0.8, CHC1 3 ) and mp. 
169-170 °C, respectively. 
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Compound 2: fr. 4-4-2-2, dihydrobrassicasterol 

The ! H and 13 C NMR, EI-MS, optical rotation values and 
melting point of fr. 4-4-2-2 were identical to those reported 
for synthesized dihydrobrassicasterol by Koizumi et al. 
[15] and Thompson et al. [16]. White powder; ^-NMR 
(CDC1 3 , 400 MHz) 6 : 5.36 (1H, m, H- 6 ), 3.53 (1H, m, 
H-3), 1.01 (3H, s, H-19), 0.91 (3H, d, / = 5.03 Hz, H-21), 
0.85 (3H, d, J = 6.8 Hz, H-26), 0.81 (3H, d, / = 6.5 Hz 
H-27), 0.77 (3H, d, J = 6.5 Hz, H-24), 0.68 (3H, s, H-18); 
13 C-NMR (CDCI 3 , 100 MHz) 5: 140.7, 121.7, 71.8, 56.8, 

56.1, 50.1, 42.3, 39.7, 39.0, 37.2, 36.5, 36.2, 33.7, 31.9, 

31.7, 31.4, 30.5, 28.2, 24.3, 21.1, 20.5, 19.4, 18.9, 17.6, 

15.4, 11.9; EI-MS (70 eV): mlz = 400 (M + ), 382, 367, 

340, 315, 289, 255, 231, 213; [oc]“-44 (c = 0.1, CHC1 3 ); 

mp. 158-160 °C. Also, the optical rotation value and 

23 

melting point of reported dihydrobrasscasterol were [aJ D - 
44 (c = 0.8, CHCI3) and mp. 158-159 °C, respectively. 

Compound 3: fr. 4-4-3, f-sitosterol 

The ! H and 13 C NMR, EI-MS, optical rotation value and 
melting point of fr. 4-4-3 were identical to those of stan¬ 
dard p-sitosterol. White powder; : H-NMR (CDC1 3 , 
400 MHz) 5: 5.35 (1H, m, H- 6 ), 3.53 (1H, m, H-3), 1.01 
(3H, s, H-19), 0.92 (3H, d, / = 6.5 Hz, H-21), 0.85 (3H, t, 
J = 7.4 Hz, H-24), 0.81 (3H, d, / = 6.8 Hz, H-27), 0.68 
(3H, s, H-18); 13 C-NMR (CDC1 3 , 100 MHz) 6 : 140.7. 

121.7, 71.9, 56.7, 56.0, 50.1, 45.8, 42.3, 39.8, 37.2, 36.5, 

36.1, 33.9, 31.9, 31.6, 29.1, 28.3, 26.0, 24.3, 23.0, 21.1, 
19.8, 19.4, 19.0, 18.8, 12.0, 11.9; EI-MS (70 eV): 
mlz = 414 (M + ), 400, 396, 382, 367, 329, 315, 303, 289, 

273, 255, 231, 213; [a]“-33 (c = 0.1, CHC1 3 ); mp. 

139-140 °C. Also, the optical rotation value and melting 

23 

point of standard P-sitosterol were [ot] -33 (c = 0 . 8 , 
CHCI3) and mp. 140-141 °C, respectively. 

Determination of antibacterial activity 

A single colony of the test strain was taken and added to 
20 mL of NB medium. This medium was incubated at 
37 °C zb 1 °C, 160 rpm for 12 h. It was then added to 
bacterial suspension to prepare a bacterial concentration at 
10 5 CFU/mL. The bacterial solution was used for the fol¬ 
lowing antibacterial assay. Each sample was dissolved in 
DMSO at maximum concentration. 89 pL of NB medium, 
10 pL of bacteria suspension, and 1 pL of DMSO with or 
without each sample were added into each well of a 
96-well plate. Also, sorbic acid, which is well used as a 
food preservative [17] was used as a positive control. The 
plate was incubated at 37 °C ± 1 °C, 1160 rpm for 12 h. 


Finally, bacterial growth was measured by a micro-plate 
reader (630 nm). The statistical difference between the 
control and each sample was determined by Student’s 
t test. 


Results and discussion 


The antibacterial activities of each extract against S. aureus 
are shown in Fig. 1. The turbidity of 1 %DMSO (control) 
was 0.184 and that of the dichloromethane-soluble extract 
was 0.021. The dichloromethane-soluble extract strongly 
inhibited the growth of S. aureus. On the other hand, the 
^-hexane extract stimulated the growth of S. aureus. The 
methanol extract and the dichloromethane-insoluble extract 
had no effect on the growth of S. aureus. The same 
experiment was applied to E. coli. However, significant 
antibacterial activity against E. coli was not detected from 
any of the extracts. 

As a result of the activity guided-fractionation, com¬ 
pounds 1-3 were isolated from the dichloromethane-solu¬ 
ble extract. The structures of compounds 1-3 were 
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Fig. 1 Antibacterial activities of each extract from bamboo shoot 
skin against S. aureus. The values were represented as the 
mean ± standard deviation (SD) of experiments performed in 
triplicate. Final concentration (pg/mL) of each extract was showed 
in case arc. Significant difference between 1 %DMSO and each 
extract was determined by Student’s t test: < 0.05, **P < 0.01 
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Fig. 2 Structures of stigmasterol (1), dihydrobrassicasterol (2) and 
p-sitosterol (3) 

determined by EI-MS and NMR studies. Compounds 1-3 
were identified as stigmasterol, dihydrobrassicasterol, and 
p-sitosterol, respectively. The structure of each is shown in 
Fig. 2. 

The antibacterial activities of compounds 1-3 are shown 
in Fig. 3. Stigmasterol (1) and dihydrobrassicasterol (2) 
inhibited the growth of S. aureus at 200 pg/mF. They also 
showed similar antibacterial activities against E. coli. 
However, p-sitosterol did not show any antibacterial 
activity, and slightly stimulated the growth of E. coli at 
200 pg/mF. Stigmasterol (1) and dihydrobrassicasterol (2) 
showed antibacterial activities against both S. aureus and 
E. coli. However, dichloromethane-soluble extract showed 
no activity against E. coli. There is a possibility that rela¬ 
tive concentrations of antibacterial compounds against 
E. coli in dichloromethane soluble extract were not enough 
for revealing the activity. 

Compounds 1-3 have the same steroid skeletons but 
different side chains. Stigmasterol (1) has the double bond 
between C22 and C23, and an ethyl group attaches to C24. 
Dihydrobrassicasterol (2) has no double bond between 
C22 and C23, and a methyl group attaches to C24. Also, 
P-sitosterol (3) has no double bond between C22 and C23, 
and an ethyl group attaches to C24. It has been reported 
that some steroidal compounds express their biological 
activities in vivo, caused by the reaction between their 
double bonds in the side chain and protein or peptide [18]. 
Considering its possibility, stigmasterol (1) may express 
its antibacterial activity by the similar way. On the other 
hand, we can not explain the antibacterial activity of 
dihydrobrassicasterol (2) by this concept, because of its 
missing of double bond at the side chain. Also, the size of 
alkyl chain of alcohols has been reported to be important 
to express antibacterial activity [19]. Comparison of 
dihydrobrassicasterol (2) with P-sitosterol (3) revealed 
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Fig. 3 Antibacterial activities of compounds 1-3 against S. aureus 
and E. coli. The values were represented as the mean db standard 
deviation (SD) of experiments performed in triplicate. Significant 
difference between 1 %DMSO and each extract was determined by 
Student’s t test: < 0.05, **P < 0.01. Each compound was 

dissolved in DMSO and the final concentration was 200 pg/mL 


that the size of side chains are different. Dihydrobrassi¬ 
casterol (2) has a methyl group and p-sitosterol (3) has an 
ethyl group at C24. Difference of the size of the side chain 
among them may affect their antibacterial activity. 
However, further structure-activity relationships and 
some biochemical studies are needed for understanding 
their mechanism. 

Stigmasterol (1) and p-sitosterol (3) were identified as 
the predominant sterols in bamboo shoot [20, 21]. Stig¬ 
masterol (1) has been already reported as an antibacterial 
compound against E. coli and S. aureus [22]. Dihydro¬ 
brassicasterol (2) and p-sitosterol (3) are known as bioac¬ 
tive lipids from plant extract [23], and Heinemann and 
colleagues [24] showed that low doses of free p-sitosterol 
(3) were effective in lowering FDF-C levels. Also, this is 
the first report on the antibacterial activity of dihydro¬ 
brassicasterol (2). It should be noted that the bioactivity- 
guided fractionation led to obtain some antibacterial 
fractions other than the fraction with stigmasterol (1) and 
dihydrobrassicasterol (2). However, these compounds 
(1, 2) were isolated from dominant antibacterial fraction. 
Therefore, they may primarily contribute the antibacterial 
activity of bamboo shoot skins. 

Thus far, bamboo shoot skins have been used mainly for 
composting. However, this study elucidated some anti¬ 
bacterial compounds contained in bamboo shoot skins and 
established the possibility that bamboo shoot skins could 
serve as antibacterial materials. The result of this study 
may make it possible to utilize bamboo shoot skins more 
effectively. 
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